The change in power systems can affect the performance of distance relays protection. In case of distance protection especially the state of double circuit operation depending on the power system state, a distance relay can cover from less than 50% up to far more than100% of the total line length. The mutual magnetic coupling is one of the phenomenon affecting the precision of the distance relay. An adaptive distance protection scheme of a double circuit transmission line considering the mutual magnetic coupling effect is presented in this paper. The single line to ground fault (SLG) and the line to line to ground fault (LLG) in a double circuit transmission line are studied. An adaptive correction factor in case of SLG and LLG faults for the compensation of the mutual coupling effect is suggested and calculated. It's achieved using the simulation results of ATP-EMTP program without and with considering the mutual coupling effect. The proposed adaptive protection is applied to a double circuit transmission line model and the results are reasonable.
Introduction:
Double circuit transmission lines are being used more widespread as they increase the power transmission capacity and increase the reliability of the system [1] . The classification of the fault type for various operation and switching modes on such lines using conventional techniques is difficult. The faulted phase(s) on one circuit has an effect on the phases of the healthy circuit due to mutual coupling between the two circuits [2] . The positive and negative sequence coupling between the two feeders is usually less than 5-7 % and, hence, has negligible effect on protection. However the zero sequence coupling can be strong and its effect cannot be ignored. The mutual impedance can be as high as 50-70% of the self impedance [3] . In [3] , the distance protection of a double circuit transmission line under (SLG) fault condition is formulated. To achieve correct operation, the relay does not use the measured quantities of the circuit-to-be-protected only, but also the zero sequence current of the parallel circuit. Such a relay requires extra measuring equipment and the zero sequence current of the parallel circuit cannot always be measured so a correction factor is introduced, set adaptively according to the actual power system state. In this way, the appropriate setting of the relay is provided, in relation with the actual power state. The mutual coupling particularly under earth faults, poses difficulties for conventional distance protection schemes. The protection relay may be either overreach or under reach due to the fault resistance. The fault resistance depends upon the level of mutual coupling and/or source impedance. This coupling is not constant in nature and is dependent upon a complex interplay amongst a number of variables. As a consequence, the coupled phase(s) on the healthy circuit may sometimes be wrongly diagnosed as being the faulted phase. Although the majority of earth faults are the single phase earth type, the double line to ground fault are also considered. The conventional logical comparison techniques and linear algorithms are not well suited for such circuits. It is important to develop an alternative adaptive protection scheme for such systems [4 -6] . In this paper SLG and LLG fault for different modes of operation of double circuit transmission line operation are studied. A correction factor has been proposed to compensate the effect of mutual coupling for relay operation improvement.
Distance Protection of Double Circuit Transmission Line:
Conventional distance relays have been designed for single-line distance protections [7] . When there is a single phase-to-ground fault on a single line, the measured phase impedance seen by the conventional distance relay is in proportion to the distance between the relay and the fault location. The measured impedance in phase (A) is as follows when the fault impedance is zero: 
Where;
The line zero sequence current compensation factor. Z Lo , Z L1
The zero and positive sequence impedance of the line respectively. V sfa , I sfa The post-fault phase voltage and current at the relay location respectively. m
The per-unit distance between the relay and the fault location. I sfo
The post-fault zero sequence current at the relay location.
When a conventional distance relay is applied to protect a parallel line, as shown in Figure ( 1), errors in distance measurement will occur due to the mutual coupling between the parallel lines. When fault impedance is zero, the mutual coupling effect for a phase -to -ground fault can be shown as follows:
V sfa = m ZL1 *(I sfa +K o *I sfo ) + mZ mo *I psfo (3) Where;
(Z mo ): The total zero sequence mutual coupling line impedance.
(I psfo ): The parallel line's zero sequence current.
Z m-a The measured fault impedance of a distance relay using conventional zero sequence current compensation. δ
The error in the measured impedance of the conventional distance relay. The error may cause the relay either to overreach or under reach. It depends upon the relative direction of the parallel line's zero sequence current (I psfo ) versus the compensated current (I sfa + K o *I sfo ). If they are in opposite direction the relay will overreach other wise, it will under reach. The system impedance and line operating condition of a parallel line do not change during the normal operation. The disoperation of the conventional distance relay is caused only by the magnetic mutual coupling effect. This can be compensated by selecting proper relay settings. This could be accomplished by changing relay zone coverage setting and/or changing zero sequence compensation factor to obtaining a typical 80%-85% zone coverage corresponding to the line operating [3, 4] . The double circuit transmission line has typical 2 modes of operation which are affected by the magnetic mutual coupling as shown in Figure ( 2). 1-The double circuit operation as illustrated in Figure ( 
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Developed Adaptive Double Circuit Transmission Line Distance Protection Scheme:
In this protection scheme, each line is protected by its own relay. The three-phase voltage and current signals of the protected line are required in the adaptive relay. The scheme automatically adapts its operation based on the signal availability from the parallel lines to achieve an optimal performance by using the best available signals. The relay will be adapted by a practical correction factor (K) which improves the relay performance.
Where; K The practical correction factor for the relay setting. It is the ratio between the impedance calculated before and after considering the mutual coupling effect and it's being multiplied by the relay setting impedance for its correction. Z nmc The calculated impedance for phase (a) without considering the mutual coupling effect. 
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The studied system:
The proposed technique is applied to a studied power system. It is composed of 220 KV double-circuit transmission lines, 100 km in length, connected to a source at each end, as shown in Figure ( 3). All components are modeled by the ATP-EMTP toolbox. Short circuit capacity of the equivalent Thevenin sources on two sides of the line is considered to be 1.25 GVA. The transmission line is simulated using distributed parameter transposed 3 phase line (Clark's model) at frequency of 60Hz with a fault resistance of R f =100Ω. Various double circuit transmission line parameters are shown in details in the Appendix.
Figure (3):
The studied double circuit transmission line.
ATP-EMTP simulation results:
The tested system is simulated using the ATP-EMTP program. The system is exposed to both SLG and LLG faults at different locations. The system is studied with and without considering the mutual coupling effect in each fault case.
The simulation is applied each 10 km through the whole line length of the double circuit transmission line. The samples of the simulation results are presented for both fault types at two different locations, the fault locations are selected to be at 10 km and 90 km from bus 1 (at the beginning and the end of the line). A comparison is held for the results to show the difference between considering and neglecting the mutual coupling effect in each studied case. The K factor is calculated at each fault type location. It is observed from the simulation results that there is a slight change in the phase voltages before and after considering the mutual coupling effect when the fault occurs at 10 km. The faulted line current decreased to approximately half its value after considering the mutual coupling effect (I anmc~1 950A and I amc ~950A).
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-At 90 km from the sending end bus:
Simulation results samples for currents of SLG fault at 90 km are illustrated at Figure ( 
K Factor Calculation:
The K factor is calculated from the simulation parameters. The results are tabulated in Table ( 1), which shows the K factor for SLG fault at double circuit and single circuit operation modes. Table ( 2) illustrates the K factor for LLG fault for both modes of operation. The correction factor (K) which presents the ratio between the relay impedance without and with considering the mutual coupling effect is introduced to adapt the relay setting to respond accurately to power system faults. 
Conclusion:
The mutual magnetic coupling has a great effect on the distance relay setting and operation in case of ground faults for the double circuit transmission line. Adaptive protection offers an approach to cope with the influence caused by the variable power system conditions. In this paper an adaptive distance protection technique is proposed considering the mutual coupling effect in double circuit transmission line. By adapting the relay setting, the relay responds accurately to power system faults. The adaptation mechanism has to determine the appropriate relay setting based on the actual power system readings. A practical correction factor (K) which presents the ratio between the relay impedance without and with considering the mutual coupling effect is introduced. First the power system is simulated using ATP-EMTP program. Then, the results of the power system simulation with and without considering the mutual coupling is handled, analyzed, and processed. Then, the (K) factor is calculated. The presented approach is applied on a 220 KV double circuit transmission line. The adaptive correction factor is calculated in case of SLG and LLG faults for different modes of operation of the double circuit transmission line. The correction factor has been proposed to compensate the effect of mutual coupling for relay operation improvement. The results are achieved and presented. 
